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Monday, February 27, 2012 399aLike other integrins, aIIbb3 can signal bi-directionally through interaction of
its ECD with extracellular ligands (‘‘outside-in’’ signaling) or its CT with in-
tracellular proteins (‘‘inside-out’’ signaling). Notwithstanding the recent devel-
opments in structural biology of integrins, questions remain about the
molecular determinants that are responsible for protein activation and signal-
ing. To obtain rigorous mechanistic insights into aIIbb3 ‘‘inside-out’’ signaling
at an unprecedented level of molecular detail, we carried out microsecond-
scale all-atom molecular dynamics (MD) simulations of various experimen-
tally-based three-dimensional models of the TM and CT regions of aIIbb3 in
an explicit 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocoline bilayer, and in
the presence or absence of the F2-F3 subdomains of the intracellular activator
talin-1.
These simulations broaden our current understanding of the mechanism of
aIIbb3 activation by talin-1. Specifically, we observe: a) different interactions
between the aIIb and b3 CTs with or without the F2-F3 subdomains of talin-1;
b) a modulatory effect of F2-F3 on the aIIbb3 TM and CT structures, c) specific
electrostatic interactions between talin-1 F2-F3 and the phospholipid polar
groups; and d) flexibility of the linker region between the F3 and F2 resulting
in their re-orientation with respect to the corresponding crystal structure. Nota-
bly, these simulations reveal novel stable interactions between residues of the
aIIb and b3 CTs (E1005-K725, E1006-K729, and E1008-R736, respectively),
the aIIb CT and the talin-1 F3 (E1001-K316 and D1004-K364, respectively), as
well as the b3 CT and the talin-1 F2-F3 (E726-K316, E726-Q381, T753-N355,
F754-Y373, and R760-E293, respectively), the mutation of which may be wor-
thy of experimental testing based on their expected interference with aIIbb3
activation.
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A recent study showed that water forms cone-like structures at a vacuum or air
interface under a sufficiently high electric field [1]. This protruding water for-
mation may be a key step in the initiation of electroporation of lipid bilayers
and cell membranes. In molecular dynamics (MD) simulations of water-
vacuum-water (WVW) systems, we observe the intrusion of water into the vac-
uum region, similar to the pore initiation stage of electropore formation in
phospholipid bilayer systems [2]. Pore initialization time in WVW systems is
found to decay exponentially with applied electric field, consistent with simu-
lations of lipid bilayers [2]. Pore initialization time in WVW systems also in-
creases exponentially with increasing vacuum gap size. We analyze pore
creation, pore annihilation, and pore stabilization. By comparing the evolution
of the pore radius in both systems, we can begin to quantify how water and
phospholipids each contribute to the formation and stability of lipid nanopores.
1. Okuno, Y., Minagawa M., Matsumoto H., and Tanioka A. 2009. Simulation
study on the influence of an electric field on water evaporation. J Mol Struct
904:83-90.
2. Levine, Z. A., and Vernier, P. T. 2010. Life Cycle of an Electropore: Field-
Dependent and Field-Independent Steps in Pore Creation and Annihilation.
J Membrane Biol 236:27-36.
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The increasing demand for antibiotics has contributed to the investigation of
possible novel antibiotics by many researchers. For this purpose, experimental
and theoretical studies have been carried out to draw scientists’ attention to an-
timicrobial peptides and their interaction with the surface of bacterial mem-
branes. Their ability to disrupt the functioning of bacterial membranes has
been probed from different perspectives. The best possible choice of antimicro-
bial peptides are those which do not harm plant or animals’ membranes but
which disrupt bacterial membranes. It has been found that some cationic anti-
microbial peptides (CAPs) satisfy these requirements. CAPs interacting with
the outer membrane of gram-negative bacteria and the membrane of gram-
positive bacteria has been studied recently.We conduct a MD simulation study of peptide-peptide interactions in the phys-
iological solutions and investigate the mechanism of CAPs aggregation, since
aggregation of the peptides usually precedes formation of a pore in the mem-
brane. Different algorithms will be applied to calculate the potential mean force
of the aggregation process of peptides to select the most efficient one. Also, we
have run CD spectroscopy and Calorimetry experiments to predict the structure
of the peptide and measure the peptide-peptide binding enthalpy, and we com-
pare the results with our simulation data.The particular CAP studied is HHC-
10, a peptide designed by the Hancock group, which has 9 amino acid residues
and charge þ4.
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Molecular details of translocation arginine rich cell penetrating peptides through
lipid bilayers are still under debate. Any mechanism has to answer the central
question that how a highly hydrophilic peptide is able to cross the hydrophobic
core of lipid membrane. A possible mechanism involves the formation of a local
water defect in the membrane such that the hydrophilic residues of the peptide
are solvated throughout the translocating process. In this work, we calculate
the free energy of forming a water pore, the translocation of the peptide with
the pore formed, and translocation of the peptide without a water pore. Free en-
ergies are calculated along order parameters using umbrella sampling. The cal-
culations shows that free energy of transferring the peptide into the bilayer
through a path involving a water defect is lower than the path without a water
defect. The free energy of forming a pore is around 100 KJ/mol.We will discuss
the unsuitability of different pathways to describe the kinetics of peptide trans-
location. We expect these results could extend to arginine rich peptides, such as
antimicrobial and cell-penetrating peptides, in general.
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The Inositol-requiring kinase 1a protein (IRE1a) is a transmembrane protein
kinase essential for the endoplasmic reticulum (ER) unfolded protein response
that promotes cell survival by reducing the levels of misfolded protein. IRE1a
consists of an N-terminal luminal domain, a single-pass transmembrane span-
ning segment and a cytosolic region which contains a kinase domain and an
endoribonuclease (RNase) domain. Under conditions of ER stress, the trans-
membrane protein IRE1a oligomerizes to activate its cytoplasmic kinase and
RNase domains. Recently, we showed that palmitate is involved in ER stress
by increasing the kinase and RNase activities of IRE1a in human hepatocellu-
lar carcinoma (HepG2) cells. From our previous studies of palmitate in the
membrane, palmitate aligns with the lipids. It is expected that palmitate will
assume a similar conformation with the transmembrane (TM) domain, how-
ever, it is unclear whether palmitate binds directly to the TM domain or indi-
rectly alter the structure of the bilayer surrounding the TM domain, thereby
leading to enhanced association between the TM domains.
We combined experiments with molecular dynamic (MD) simulations to in-
vestigate the properties of the TM domain, the role of palmitate on IRE1a
dimerization and to elucidate potential interactions between palmitate and
TM domain. Since structural information of the TM domain of IRE1a is
not available, we experimentally determined whether the predicted TM do-
main forms a-helical secondary structure in DOPC liposome using circular
dichroism. In support of the MD simulations, we assessed whether palmitate
enhances TM dimerization in DOPC micelles using Fo¨rster resonance-energy
transfer. Further mutation study of the TM domain provided information of
how palmitate is involved in modulating the cellular activity of IRE1a medi-
ated by the TM domain. Finally, the computational and experimental studies
provided new insight into the role of palmitate on IRE1a activity during ER
stress.
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Various NMR observables, such as chemical shift anisotropy (CSA) and dipo-
lar coupling (DC) in solid-state NMR, and NOE-based distance and residual
dipolar coupling (RDC) in solution NMR experiments, have been used to
400a Monday, February 27, 2012characterize membrane protein structures. However, most present membrane
protein NMR structure determination approaches refine a protein structure in
implicit solvent, and therefore do not provide detailed protein-lipid/detergent
interactions, which are essential in determining the relative orientation in the
protein’s helical domains that is related to its function. In addition, membrane
protein NMR observables are often insufficient to clearly define all the side
chain-side chain interactions. These undefined interactions could be critical
in the protein’s structure and function. To overcome these limitations, various
NMR observables were utilized as restraints for molecular dynamics (MD) sim-
ulations in the explicit (bilayer and micelles) membranes. With various NMR
restraint (CSA, DC, NOE and RDC) potentials, we have investigated the orien-
tation of Pf1 coat protein and DAP12-NKG2C complex. The former is a single-
pass transmembrane helical protein with a membrane associated periplasmic
helix, and the latter is a complex with undefined but functionally required polar
side chain interactions. The resulting structures satisfy the NMR observables
and compared to the published structures. With respect to the explicit mem-
brane, the disposition of Pf1 TM helix was identified and the dynamic nature
of the periplasmic helix orientation was observed. For DAP12-NKG2C com-
plex, several functionally required polar residues adopted different side chain
conformations to enhance the complex assembly.
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Previously we derived a one-parameter scaling-law equation of state for the os-
motic pressures of polyethylene glycol (PEG) polymers in water, applicable
over a broad range of polymer sizes and concentrations (J. Phys. Chem. B,
2009, 113, 3709). The derived equation is a non-virial linear combination of
a low-concentration van’t Hoff (vH) term and a higher-concentration des Cloi-
zeaux (dC) term. A single parameter a locates the crossover from dilute vH to
semidilute dC behavior. The value of a was determined by an empirical fit to
the concentration-dependent data of Rand et al. (loc.cit.) for PEGs of molecular
weights ranging from 300 to 20,000 daltons. Appropriate scaling collapsed all
the data onto a single curve that was well fit by our equation of state with the
single parameter a = 0.495 0.01. Now, by fitting a to the scaled osmotic pres-
sures of each polymer separately, we find a small but systematic dependence of
a on polymer size. As the number of monomers N increases, a(N) decreases
monotonically toward an asymptotic value that we call a*. The interaction
strength of shorter polymers is thus larger than that of longer polymers. Be-
cause scaling theories assume polymers of infinite length, a* can be viewed
as the value of a in the scaling limit. A correction-to-scaling formula derived
from renormalization group theory provides an excellent fit to a(N) for PEG
polymers, yielding a* = 0.435 0.02. The present formulation for a(N) further
improves the accuracy of the osmotic pressures of PEG polymers calculated by
our equation of state.
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Macromolecular crowding (MMC) is a feature of cellular interiors and, in mul-
ticellular organisms, also of extracellular environments. Recreating this crowd-
edness via employment of macromolecules is a valuable tool in studying
protein folding behaviour, supramolecular assembly, acceleration of biochem-
ical reactions and extracellular matrix deposition. Optimal MMC in solution
has been mostly determined empirically by quantitating biochemical endpoints
(PCR product, amount of matrix deposited). Here, we sought to develop a tech-
nique allowing the direct observation of MMC in a purely physical manner in
order to make predictions of optimal crowder concentrations. We have shown
earlier by dynamic light scattering that above certain concentrations the hydro-
dynamic radii of Ficolls 70 and 400 shrink (Harve et al 2007). We described
this event as self-crowding.
Here, we studied this phenomenonwith FRAP in order tomonitor changes in the
molecular diffusion velocity of FITC-tagged Ficoll 70 and Ficoll 400. Both
crowders are sucrose polymers, stable at neutral pH, and globular in shape.
FRAP allowed us to establish a clear link between molecular speed variation
and degree of crowdedness. We verified that beyond a threshold concentration
self-crowding occurred as evidenced by a speed increase for the molecules un-dergoing shrinking. Maximum compaction of Ficoll molecules was reached
with increasing concentrations. Further concentration increases led to a rapid
drop of diffusion velocity.
By purely physical means we can now define the optimal crowding concentra-
tion as the greatest possible concentration allowing for the greatest possible dif-
fusion velocity. Interestingly enough, the determined values match those
obtained from biological read-outs published earlier (Chen et al 2011) very
well. This technique now opens up the possibility to determine for each poten-
tial macromolecule the crowding points rapidly, and to predict suitable concen-
trations for application in biological systems.
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Self-organization is one of the most fundamental phenomena in biology. Elu-
cidating the mechanisms of the self-assembly of biological molecules, such
as protein folding/binding and formation of lipid bilayer membranes, have
been a fascinating topic over decades in biological field. Hydrodynamic inter-
actions (HIs) give rise to collective motions between molecules. Therefore,
they may play an important role on dynamics of self-assembly. Although there
are significant advances in theoretical and computational studies on thermody-
namics and kinetics of self-assembling systems recent years, analysis on effects
of HIs to the reactions are limited due to their high complexity. Here, by using
a Brownian dynamics (BD) simulation technique, we evaluate the importance
of HIs on kinetic of self-assembly in a set of examples, formation of lipid mem-
brane and actin polymerization reaction. We first built coarse-grained models
of lipid and actin monomer. A cluster of lipid molecules was represented by
two particles, one is hydrophilic head group and the other is hydrophobic tail
group, and attractive interaction between tail groups was applied. For actin po-
lymerization system, each monomer was represented by two particles and an
angle-dependent attractive interaction was applied to form long filaments. In
BD simulations, the Rotne-Prager-Yamakawa tensor was used to account for
HIs between particles. In the early stage of self-assembly, HIs between inter-
monomer particles decelerated the association rate of monomers to form olig-
omers compared with that in the simulations without inter-monomer HIs in
both systems. On the other hand, the HIs accelerate the reaction of oligomers
to form a fully-assembled state or much longer polymers. This phenomenon
could be explained by the Kirkwood-Riseman theory. Those results clearly sug-
gest that HIs greatly affect kinetics of self-assembly reactions and considering
the interactions is crucial for studying dynamics of biological systems.
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Analysis of large particle simulation data often involves computing Radial Dis-
tribution Function (RDF). A novel algorithm to compute RDF based on a data
structure called density map (DM) is presented. DM is essentially a grid divid-
ing simulated space into cells (3D cubes) of equal size (volume), which can be
easily implemented by augmenting a Quad-tree index.
The algorithm first divides the simulated space into a DM, each cell of which
records the number of data points in it. The DMs with different cell sizes have
to be maintained; therefore, we organize all point coordinates into a point re-
gion Quad-tree. Then we build histogram of distances between all pairs of par-
ticles, required to compute RDF. Two cells A and B (with particle counts na and
nb) of a DM are said to be resolvable if the minimum and maximum distance
between the two cells fall into a required distance range, which is represented
by a bucket of the histogram. If two cells resolve into bucket k, the number of
distances that fall into it is incremented by nanb. The unresolved cell pairs can
be handled in two different ways:
(1) Resolve all cell pairs of the children of A and B in the Quad-tree. If the
cells are leaf nodes, then compute point-to-point distances to update the histo-
gram. Entire tree is traversed while skipping sub-trees rooted at resolvable
cells.
(2) Apply some heuristics, adding very small errors, to distribute the number of
distances into buckets covered by the minimum and maximum distance be-
tween cells. It can be applied at any required level to stop traversing the tree
further.
The RDF is computed by utilizing the histogram, which is straightforward.
Thus, making one of the above choices controls the error and speed in RDF
computation.
